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• Disclosures

> None related to this talk



Aims

• Identify scholarly questions best answered via 
the use of large data sets

• Describe the benefits and drawbacks of the use 
of large data sets

• Appreciate the importance of assessing data 
validity with national data
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Big data

• Increasingly available and used

> Terabyte-sized data sets can now be analyzed using a 

desktop

> This would have required significant resources a decade 

ago

> Electronic medical records as mandated by the HITECH 

act
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Benefits of big data

> Can answer questions that could not be answered any 

other way

• Rare conditions or treatments

• Rare patient populations

> External validity since large data sets are more 

representative of national populations

• Greater diversity of patient populations

• Greater diversity of treatments
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However…

• Big data is not the solution to all problems!

> Most of the time, the data were collected for a purpose 

different from the reason you want to use it for

> One has to carefully assess the reason a database was 

created, and the detailed processes that went into the 

data-generating process

>  Statisticians can crunch the numbers—you have to 

spot problems as statisticians will not always be able to 

interpret the data well enough to identify when results 

are nonsensical
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Sources of big data

• Health care systems

• Billing entities (insurance companies)

• Federal government or allied entities

> Medicare

> UNOS (transplant)

• Cohort studies, many of which collect large numbers 

of variables and also may bank blood samples

• Personal devices/wearables

• Apps
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Variables

• Demographics

• Claims

• Procedures

• Laboratory values (not typically present in insurance 

data)

• Other test results (again, not typically present in 

insurance data)

• Death (very well validated in federal data)
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Claims data

• Billing claims can be a 

very powerful 

> Diagnosis codes (ICD 

9/ICD 10)

> Procedures (CPT)

• However, they can be 

very unwieldy to work 

with

> 69,832 ICD 10 codes

> Yearly changes
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Claims data
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https://www.aao.org/eyenet/article/new-icd-10-codes-diabetic-

retinopathy-amd



Challenges with claims data

• False positives

> A physician sees a patient with onset swollen legs and bills that day 

under a heart failure diagnosis

> However, workup shows a normal echocardiogram and abnormal 

creatinine with high degree of proteinuria, so ultimately the correct 

diagnosis of nephrotic syndrome is made.  But the prior code is NOT 

changed retroactively

> Solution: Many will only use a claim as a diagnosis if at least two 

outpatient visits, or one inpatient visit, use the claim

• False negatives

> Not much you can do about this

• Validity

> Do claims for a diagnosis correlate to having it?
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Prior literature—are claims diagnoses 

validated?
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Arthritis Care Res (Hoboken). 2017 Apr;69(4):599-604.



Data validity

• Have to be very meticulous about looking for outliers.  

Yet it can be challenging to know what to do with 

them.

> A patient in a database with A1C of 118% is clearly a 

typo.  But is an A1c of 18.1% percent a typo or just an 

example of extremely poorly controlled diabetes?

> Units issues

• Helps to know if there is a process for validating data

• Missing data also very frequently a problem

• Data shift
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Data shift

• Best explained by examples

> Before 2018, the data set stores death as a single 

variable, “Death”.  Now it’s stored as two variables, 

“Social security-verified death” and “Clinic-reported 

death”

> The way the data are stored in the variable changes

> Behind the scenes changes in the data process

• Increase in complications in patients with diabetes

• Marked increase in HFpEF a few years ago
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Data validity

• Death is a particularly challenging problem in non-

federal data sets

> Especially if patients are lost to follow-up

• A well-done national cohort data set will have a 

protocol for checking with Social Security or other 

sources to ascertain whether patients lost to follow up 

have died
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Bottom line

• More data, more problems

• You frequently have to put in a substantial amount of 

time into learning your data set and its quirks
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Data use agreement

• Technology has made it much easier to re-identify patients, even 

in de-identified data sets

• This is not theoretical—I once found out a former clinic patient of 

mine died while looking in a large national database and 

recognizing the patient

• Issues regarding data protection (no laptop, no flash drive, 

firewalls, etc.)

• Privacy—many datasets have rules such as no cells in a table 

smaller than a certain size, etc

• These rules are typically spelled out in a data use agreement, 

which is a binding legal contract
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https://www.hhs.gov/hipaa/for-professionals/privacy/special-

topics/de-identification/index.html



Study design issues

• Cross-sectional

• Cohort

• Case-control
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Statistical issues 

• Standard statistical techniques may not be valid for data generated at multiple centers 

(“clustered data”)

> Multilevel modeling/mixed effects models

> Marginal models
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J Thorac Cardiovasc Surg. 2018 Jan;155(1):210-211.



• Other statistical techniques which 

may be appropriate:

> Matching (many algorithms 

exist, never as straightforward 

as one thinks)

> Propensity score

• Calculate a model which 

predicts, based on 

baseline data, whether a 

patient received a 

treatment or not

• Compare patients with 

similar scores who 

received different 

treatments
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https://www.linkedin.com/pulse/types-propensity-score-matching-

jason-shafrin



National inpatient sample

• 20% sample of all inpatient discharges

• Reasonable cost to acquire data

• https://hcup-us.ahrq.gov/nisoverview.jsp

• Cannot identify individual patients

• Variables:

> Limited demographics

> Billing codes

> Procedural codes

> Costs and length of stay

> Outcome at discharge (alive or dead)
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National inpatient sample

| 21Science at the heart of medicine 2/22/2026



SPARCS

• Similar database for New York State only

• Also includes some outpatient data
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https://www.health.ny.gov/statistics/sparcs/

https://onlinelibrary.wiley.com/doi/abs/10.1002/bdr2.1809

https://www.health.ny.gov/statistics/sparcs/


United States Renal Data System

• Links dialysis data for all ESRD patients in the United 

States with their Medicare claims data

• 3+ million patients in the system

• Very granular (ZIP code of residence, exact dates, and 

other very granular data

• I’ve merged with census data and geolocation data of 

dialysis centers or transplant centers to create an even 

richer database

• Very long timelines-can take months to years to get a 

project approved
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UNOS/SRTR

• The solid organ transplant network in the United 

States is run by an organization called UNOS

• They manage the waitlist and store waitlist data

• Transplant centers have mandatory submission of 

post-transplant outcomes data at specified intervals for 

each patient

• Issues with missingness and validation
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UNOS/SRTR
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WIHS/MACS

• Multicenter AIDS Cohort Study

> Started in 1984 (predates existence of the HIV test!)

> Focused on MSM

> Semiannual structured visits

> https://www.niaid.nih.gov/research/multicenter-aids-cohort-study-

public-data-set

• Women’s Interagency Health Study

> Started in 1993

> Cisgender women with HIV or “at risk for HIV”

> Semiannual structured visits

> Einstein was an original site and remains one today
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MACS
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WIHS
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Data sets that have been used for student 

projects in the past
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Montefoire Einstein Cancer Cohort

Einstein Aging Study

Center for AIDS Research (CFAR) -- HIV Clinical Cohort Database (CCDB)

World Trade Center 9/11 Firefighter Cohort

Longevity Gene Project (LGP) 

LonGenity 

Hispanic Community Health Study/Study of Latinos (HCHS/SOL)

Women's Health Initiative (WHI)

Study of Women's Health Across the Nation (SWAN)

Mulitcenter AIDS Cohort Study - Women's Interagency HIV Study Combined Cohort Study (MACS/WIHS 

CCS)

Diabetes Prevention Program (DPP)

Diabetes Prevention Program Outcomes Study (DPPOS)

National Health and Nutrition Examination Survey (NHANES)

United Network for Organ Sharing (UNOS)

National Immunization Survey (NIS)

Healthcost and Utilization Project Kids Inpatient Database (HCUP-KID)

Healthcost and Utilization Project National Inpatient Sample (HCUP-NIS)

National Surgical Quality Improvement Program (NSQIP)

United States Renal Data System (USRDS)

Statewide Planning and Research Cooperative System (SPARCS)

National Health Interview Survey (NHIS)

All of Us Genomic Data

UK Biobank

Agricultural Health Study (AHS)

NIH-AARP Diet and Health Study

Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial (PLCO)
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